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Small delicate structures found in the leaf bases in vegetative buds of the marine angiosperm Ha/ophlla ova/is 
(R. Br.) Hook. f. showed a fine structure of the component cells typical of secretory cells. They are rich in organ-
elles particularly ER, dictyosomes, ribosomes and mitochondria. Endoplasmic reticulum occurs at two localities 
in each cell, one surrounding the central nucleus and the other in the peripheral regions close to the plasma-
lemma. Groups of dictyosomes occur between the two layers of ER and each group is separated from another 
by interconnecting strands of ER. A mucilaginous secretion accumulates on the cell surface and between the 
outer and inner layers of cell wall, particularly at the corners. The involvement of ER in the secretion of mucilage 
is discussed. Staining of ultrathin sections with silver proteinate after thiocarbohydrazide showed the presence 
of insoluble carbohydrates and histochemical tests with alcian dyes showed the secretion to contain non-
sulphated acid polysaccarides. Staining of epoxy resin sections with Coomassie blue R250 indicated that the 
mucilage secretion on the surface of and within the cell walls also contained proteins. Cellulase-gold complex 
marked the cellulose wall layers as distinct from the included secretion. 
Klein, delikate strukture wat by die blaarbasisse in vegetatiewe knoppe van die marine angiosperm Ha/ophlla 
ova/is (R. Br.) Hook. f. gevind is, het 'n fyn struktuur van saamgestelde tipiese afskeiselle getoon. Hulle is ryk 
aan organelle, veral endoplasmiese retikulum (ER), diktiosome, ribosome en mitochondria. ER het op twee 
plekke in elke sel voorgekom, romdom die sentrale kern asook in die periferale dele na aan die plasmalemma. 
Groepe diktiosome kom tussen die twee lae van ER voor en elke groep is van die ander geskei deur aaneenge-
skakelde stringe van ER. Slymerige afskeiding versamel op die seloppervlak en tussen die binneste en 
buitenste selwandlae, veral in die hoeke. Die betrokkenheid van ER in die afskeiding van slym word bespreek. 
Kleuring van ultradun snitte met tiokarbohidrasied gevolg deur silwer-prote·inaat het getoon dat onoplosbare 
karbonate teenwoordig is en histochemiese toetse met alcian-kleurstowwe het aangetoon dat die afskeiding 
nie-sulfaat-suur polisakkariedes bevat. Kleuring van epoksiharsseksies met Koomassie-blou R250 het 
aangedui dat die slymafskeiding op die oppervlak en ook binne die selwande prote·ine bevat. Behandeling met 
'n sellulase-goudpeilstaafhet die sellulose selwande van die sekresie onderskei. 
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Introduction 
Irmisch (1858) fIrst reported the presence of axillary scales, 
which he called squamulae intravagi.'1.ales, in many families 
of monocotyledons belonging to the order Helobiae. 
Squamulae commonly occur at the bases of foliage and scale 
leaves and may also be associated with the floral parts of the 
plant. Arber (1923, 1925) extensively reviewed the structure 
and distribution of squamulae in Helobiae, Alismataceae and 
Butomaceae. 
Little is known about the possible functions of squamulae. 
To date, their ultrastructure has been described in only two 
fresh water aquatic angiosperms, Elodea canadensis and 
Potamogeton perfoliatus (Rougier 1965). No information is 
available on the fine structure of squamulae in marine 
angiosperms. An investigation of the ultrastructure of these 
structures in leaf bases of Halophila ovalis was reported by 
Naidoo (1986) and briefly by Naidoo & Barnabas (1987). 
Halophila belongs to the family Hydrocharitaceae, subfamily 
Halophiloideae. Further work was undertaken to ascertain 
their possible function, and is reported here. 
Materials and Methods 
Plants of Halophila ovalis (R. Br.) Hook. f. were collected 
from near the mouth of the Nahoon river in East London, 
South Africa. They were cultured under glasshouse 
conditions in aquaria containing sea water with a salinity of 
35%0. Vegetative buds were sampled from vigorously 
growing plants. 
Preparation for TEM 
Buds were excised and fixed under vacuum at 4°C in 6% 
glutaraldehyde buffered with 0.05 M sodium cacodylate pH 
7.2 for 6 h; postfixed in 2% osmium tetroxide in 0.2 M 
sodium cacodylate buffer overnight at 4°C, dehydrated 
through a graded series of ethyl alcohol at room temperature, 
followed by two changes of propylene oxide for 30 min each 
and embedded in low viscosity epoxy resin (Spurr 1969). 
Ultrathin sections were stained with 2% aqueous uranyl 
acetate (30 min) followed by lead citrate (10 min) (Reynolds 
1963). Sections were viewed with a Philips TEM 301 at an 
accelerating voltage of 60 or 80 kV with an objective aperture 
of30 j..Lm. 
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Preparation for SEM 
The vegetative buds were dissected to reveal the squamulae 
by removing the outer leaves on one side, then fixed as for 
TEM, dehydrated through ethyl alcohol and critical point 
dried from liquid CO2• Samples attached to brass stubs with 
double-sided adhesive tape were coated with gold for S min 
at 3~0 mamps. Specimens were viewed in a Philips SEM 
SOOat 12kV. 
Preparation for light microscopy 
Vegetative buds were embedded in either epoxy resin or 
paraffin wax (S8°C). Sections cut from epoxy resin blocks at 
O.S J-Lm were stained with a mixture of azur II and methylene 
blue (Juniper et al. 1970). 
Cytochemical tests 
l. Dewaxed sections (IS J-Lm thick were stained for light 
microscopy with Alcian yellow or Alcian blue 8GX for 
detection of acid non-sulphated polysaccharides (after Parker 
& Diboll 1966). Epoxy resin sections were stained with 
Coomassie brilliant blue R2S0 in 10% acetic acid at 60°C for 
proteins (Fisher 1968). Yellow- or blue-stained sections were 
viewed with a Zeiss photomicroscope with a neutral density 
filter. 
2. Ultrathin sections were treated for the location of aldehyde 
linkages and insoluble polysaccharides (Thiery 1967), 
according to the following schedule:-
1 % periodic acid 30 min; 0.2% thiocarbohydrazide in 20% 
acetic acid 22 h; acetic acid washes 20%, IS%, 10%, S%, 
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0%; 1 % silver proteinate for 30 min in the dark. Control 
sections were treated with hydrogen peroxide in place of 
periodic acid. 
3. Cellulose/gold marker. Colloidal gold particles, IS nm 
diameter, were prepared according to the method of Frens 
(1972). The gold solution was mixed with cellulase (Sigma 
C-0901) and used as described by Coetzee & Meyburgh 
(1988). 
Results 
In the present investigation only those squamulae associated 
with young developing leaves were examined, because they 
abscised as the leaf matured. Figure 1 shows the position and 
size of the squamulae relative to developing young leaves in 
a partially dissected vegetative bud. The squamulae are 
sessile or subsessile membranous structures which arise on 
either side, at the base, of each of a pair of leaves. These 
scales are ovoid-elliptical in shape, approximately O.S mm 
long and 0.2 mm wide and consist of two layers of cells 
orientated in the direction of the leaf axis (Figure 2). All cells 
are similar in shape and composition and differentiate 
basipetally. The squamulae are non-vascular. 
A fully differentiated cell, rich in organelles, is illustrated 
in Figure 3. The large central nucleus is closely surrounded 
by concentric sheets of endoplasmic reticulum (ER) which 
extends through the cytoplasm, around other organelles to the 
cell wall. The ER forms concentric sheets just within the 
plasmalemma at the periphery of the cell. Those layers of ER 
close to the nucleus remain coated with ribosomes but the 
Figures 1 & 2 1. Vegetative apical bud of Halophila ovalis with outer scales removed, as seen with a scanning electron 
microscope, to show the squamulae intravaginales (SI) relative to the vegetative leaves (L). Bar = 60 fLm. 2. A young squamula 
intravaginalis (SI), in transverse section with light microscopy, between developing leaves (L) showing the two files of cells. Bar = 
20 fLm. 
548 S.-Afr.Tydskr.Plantk., 1990,56(5) 
Figure 3 This, and all following micrographs, are from transmission electron microscopy. A fully differentiated cell of a 
squamula showing characteristic features of a secretory cell. The central nucleus (N) is surrounded by concentric sheets of endo-
plasmic reticulum (ER). Dictyosomes (D) with numerous vesicles and mitochondria (M) are mostly grouped together between the 
ER surrounding the central nucleus and the ER close to the plasmalemma. These two areas of ER are connected through strands 
of ER lying between the groups of dictyosomes. The outer tangential wall (OTW) is considerably thicker than the radial (RW) and 
inner tangential (ITW) walls and there is an accumulation of mucilaginous material (m) at the cell comers. There is a layer of wall 
material (W) adjacent to the plasmalemma (pm) to the inside of the mucilage. The radial walls have been dissolved at points 
(curved arrows) at the corners of the cell whp.re there is copious mucilage accumulation. Plastids (P) have few internal membranes. 
Bar = 2 f-Lm. 
layers of ER close to the cell wall lose their ribosomes as the 
cell ages. Connections between the inner and peripheral 
layers of ER occur, cutting off areas containing dictyosomes. 
Smaller areas of concentric whorls of ER are frequently seen 
in the mid region of the cell between the nucleus and cell wall 
and in these areas dictyosomes, mitochondria and the few 
plastids occur. Plastids are small and possess few internal 
membranes. The outer tangential wall is considerably thicker 
than the radial and inner tangential walls and there is an 
accumulation of mucilaginous material at the cell comers. 
There is a layer of wall material adjacent to the 
plasmalemma, therefore the mucilaginous material is 
enclosed within layers of cell wall. The radial walls have 
been dissolved at cell comers where there is copious 
mucilage accumulation. 
Large numbers of dictyosomes are localized in cells which 
show accumulations of extracytoplasmic mucilage (Figure 4). 
They occur in groups surrounded by ER, consist of 10-14 
cisternae and produce relatively large vesicles many of which 
lie close to, and may fuse with, ER (Figure 5). Dictyosomes 
often show a distinct polarity with the secretory face towards 
the cell wall. Larger vesicles, possibly autophagic, occur 
occasionally in the cytoplasm of older cells (Figure 6). 
Distended ER cisternae ramify through the cytoplasm, and 
swollen ends appear to fuse with the plasmalemma (Figure 
7). In some cells groups of small vesicles accumulate near the 
plasmalemma (Figure 8) and in extracytoplasmic spaces 
(Figures 9 & 10). 
In older cells a mucilaginous secretion is deposited as a 
distinct layer within the cell wall, especially at the comers of 
the cells (Figure 11), as well as on the surface of the cells 
(Figure 12). There is only a very thin layer of cuticle on the 
cell surface. This mucilaginous material is present on the 
surface of all the cells of a mature squamula indicating that it 
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Figures 4-7 4. Groups of dictyosomes with large, hypersecretory vesicles (Y) lying between layers of ER. The arrow marks a 
section of ER joining the peripheral and internal layers of ER. There is a close relationship between the ER and dictyosome 
cisternae. Note the apparent polarity of dictyosome orientation. Bar = 1 fLm. 5. Dictyosomes (D) with vesicles (v) interspersed 
with and very close to cisternal ER. Cytoplasmic polysomes and free ribosomes abundant. Bar = 2 fLm. 6. Dictyosomes (D), multi-
vesicular bodies (B) and groups of concentric rings of membranes (ER) all lying in close proximity to each other. Some autophagic 
vesicles (Y). Bar = 2 fLm. 7. Part of a cell, at a more advanced stage than Figure 3, cut in longitudinal section showing dilated ER 
with continuity between the dilated ends of ER and the plasmalemma (pm). Many dictyosomes (D) close to the nucleus (N). Bar = 
1 fLm . 
is being produced continuously. Mucilage accumulation 
causes the cell wall to split into a narrow inner layer, which 
remains closely adpressed to the plasmalemma, and a wider 
outer layer. As the cell ages the amount of mucilage secreted 
increases and mucilage pockets within the cell walls join. The 
cytoplasm shrinks and eventually the cell becomes filled with 
mucilage. Mucilage production is accompanied by 
dissolution of the radial cell walls, the old cells thus forming 
a store of mucilage (Figure 13). 
The surface layer of extruded material, the cell wall layers 
and included mucilaginous material showed a positive 
reaction to silver proteinate after thiocarbohydrazide as 
indicated by the presence of numerous silver grains (Figure 
14). Silver grains were also shown in the extracytoplasmic 
accumulations of mucilage, within small vesicles near the 
plasmalemma, in the peripheral layers' of ER cisternae, 
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Figures 8 & 9 8. Groups of vesicles (v) close to the cell wall CN) which may be of dictyosomal or ER origin. Dictyosomal vesicles 
close to ER. Mitochondrion (M). Bar = 1 f.Lm. 9. A cell corner with mucilage (m) between layers of cell wall CN). Vesicles (V) are 
visible both in the cytoplasm and extracytoplasmic space. Layers of ER close to the nucleus (N) and again close to the plasma-
lemma (pm) with layers of dictyosomes (D) between the layers of ER. Bar = 1 f.Lm. 
dictyosome cisternae and in dictyosomal vesicles. Use of the 
cellulase/gold probe showed cellulose to be restricted to the 
wall layers which were sharply distinct from the included 
region containing polysaccharide material (Figure IS). There 
is therefore a layer of cellulose wall material between the 
plasmalemma of the cell and the mucilaginous material. The 
extruded material and that within the cell wall also reacted 
positively to alcian dyes and Coomassie blue R2S0 
suggesting that this material was composed of both 
polysaccharide and proteins and is probably a muco-
polysaccharide. 
Discussion 
The ultrastructure of the cells of the squamulae of Halophila 
ovalis show features which Morn~ et at. (1971) have 
described as characteristic of glandular or secretory tissues. 
These features do not differ significantly from those 
described by Rougier (196S) in the two fresh water 
angiosperms, Elodea and Potamogeton, in particular the 
abundant ER and dictyosomes. The proximity of the cisternae 
of some dictyosomes to the ER may indicate membrane and 
solute flow from one organelle to the other, as Kristen & 
Lockhausen (198S) suggested may occur in leaf glands of 
submerged and floating leaves of Veronica becabunga. The 
close association existing between the dictyosomes and ER in 
squamulae cells indicates that both organelles are concerned 
in the production of the mucilaginous secretion. 
Deposits of silver grains, after thiocarbohydrazide 
treatment, were present within dictyosome cisternae, 
dictyosome-derived vesicles, both in the interior of the cells 
and near regions of mucilage accumulation, it is likely that 
dictyosomes are responsible for the production of the 
polysaccharide component of the mucilage. Silver deposits 
were also shown in the peripheral layers of ER confirming 
the involvement of these layers in the secretion of mucilage. 
The abundant ER with ribosomes surrounding the nucleus 
shows the origin of the protein component of the secretion. 
The frequent occurrence of ER profiles close to the 
plasmalemma suggests that ER-derived vesicles may be 
implicated in the discharge of mucopolysaccharide into the 
extracytoplasmic space. In the trichomes of Pharbitis nil, 
Unzelman & Healey (1974) showed a reticulate RER 
throughout the cytoplasm from nuclear envelope to 
plasmalemma, with numerous dictyosomes occupying a 
central position in the cytoplasm. They suggested that the 
polysaccharide/protein secretory product passed from 
dictyosomal vesicles to RER and was discharged from RER 
vesicles through the plasmalemma into the extracellular 
space. A second pathway involving coated vesicles arising 
directly from dictyosomes was also described. 
The route of mucilage production and discharge in 
squamulae appears to be from dictyosomal vesicles to the 
peripheral ER and thence into the cell wall, where it 
accumulates, before being discharged into the space within 
the bud. This method is similar to that decribed by Unzelman 
& Healey (1974). The endomembrane concept of membrane 
flow from ER to dictyosome, with discharge of dictyosomal 
vesicles at the plasma membrane, which appears to be 
characteristic of animal cells (Farquhar & Palade 1981), does 
not necessarily apply to plant cells. Juniper et al. (1982) show 
connections between dictyosomes and ER in the protease-
secreting gland cells of Dionaea muscipula but these 
connections were absent from the carbohydrate-secreting 
cells of the root cap cells of P haseolus vulgaris and Zea mays 
or from the palisade cells of bean leaves. Kristen et at. (1982) 
showed a high proportion of protein in the secretion from the 
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Figures 10-13 10. Concentric layers of membranes (ER) surround the nucleus. Dictyosomes (D) lie between layers of ER. 
There are small vesicles (V) in the mucilaginous material (m) between the plasmalemma, inner wall and outer wall layers. Small 
plastids (P) and mitochondria (M) can be seen. Bar = 1 f.Lm. 11. Edge of a squamula showing extensive mucilage accumulation in 
older cells. The two layers of the outer tangential walls are separated by a layer of mucilaginous material (m) and the radial walls 
are showing signs of disintegration (arrows). Bar = 10 f.Lm. 12. Accumulation of mucilage (m) outside the thin cuticle and between 
wall layers. Bar = 1 f.Lm. 13. Older cells showing accumulation of mucilage (m) between wall layers (OW & IW). Dissolution of the 
radial and inner tangential walls (*). Note the shrinkage of the cytoplasm while still containing many dictyosomes, ER and other 
organelles. Bar = 2 f.Lm. 
ligules of lsoetes lacustris, which correlated with a close 
connection between ER and dictyosomes. The proportion of 
protein in the mucilage from root tips of Zea mays (Jones & 
Mom~ 1967) or from the stigma and ovary of Aptenia 
cordifolia (Kristen et al. 1979) was only 6-8%. This led 
Kristen (1980) to wonder whether the endomembrane 
concept is of general validity. The accumulation of nectar 
secretion in the extracytoplasmic spaces of the nectary 
trichomes of Abutilon, associated with the appearance of a 
large network of tubules close to the plasmalemma, led 
Robards & Stark (1988) to suggest that this reticulum, which 
they called the secretory reticulum, with its large surface area 
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Figures 14 & 15 14. Tissue treated with silver proteinate after thiocarbohydrazide showing the deposition of silver grains on cell 
wall layers (curved arrows), mucilaginous material (m), in the peripheral ER cisternae and in dictyosome cisternae and vesicles . 
Bar = 250 nm. 15. Section treated with the cellulose/gold probe. The marker has deposited on the wall layers (arrows), not on the 
mucilage layer (m). Bar = 500 nm. 
was responsible for the extrusion of nectar into the apoplast. 
The resultant increase in hydrostatic pressure in the apoplast 
brought about the opening of transitory pores, in this case at 
the tip of the trichome, to release the nectar. Robards & Stark 
favoured the idea that the secretory reticulum was ER-
derived. In the squamulae of Halophila ovalis the network of 
ER around the nucleus was clearly interconnected through 
the layer containing dictyosomes to the surface layers of ER. 
In squamulae it is therefore possible that this peripheral ER is 
involved in the secretion of mucilage into the cell wall. 
Schnepf & Christ (1980) show tubular invaginations of the 
plasmalemma which are connected to ER in secretory cells of 
nectaries of Asclepias curassavica. These tubular 
invaginations separate the dictyosomes in the outer part of the 
cell from the plasmalemma. However Kristen & Lockhausen 
(1985) showed dictyosomes close to the cell wall, suggesting 
that in the secretory trichomes of Veronica becabunga 
dictyosomal- rather than ER-derived vesicles were 
instrumental in the secretory process. The finer points of the 
method of secretion may therefore differ in different systems. 
Mucilage secretion in squamulae of Halophila 
accumulates in the extracellular spaces within the cell wall 
before being released. As there is evidence of continuous 
secretion of mucilage from the cells of the squamulae, this 
must occur through spaces in the cell wall. The cellulose 
fibrils appear to be loosely woven and offer no obstruction to 
the passage of mucilage into the wall. There is no evidence to 
suggest that the layer of wall close to the plasmalemma is 
synthesized after the deposition of mucilage. Indeed the 
reaction of the wall to the silver test and deposition of the 
cellulose-gold probe reinforced the idea that the two wall 
layers are of similar composition and are separated by the 
accumulation of mucilaginous material. Accumulation of 
mucilage in these extracytoplasmic spaces is accompanied by 
dissolution of radial walls and shrinkage of the cytoplasm so 
that the old cells form a store of mucilage. Similar 
observations have been reported in the extrafloral nectaries of 
Plumeria rubra by Mohan & Inamdar (1986) who suggested 
that secretion through radial as well as tangential walls 
increases efficiency. 
Secretion from the extracytoplasmic space to the outside 
appears to present no problems as there is only a thin layer of 
cuticle on these submerged areas, and therefore there is no 
need to postulate transitory or permanent pores through the 
cuticle. Final discharge of a mass of mucilage occurs after the 
collapse of the whole organ. 
Mitochondria, which were well distributed throughout the 
cytoplasm of squamulae cells, may be involved in the 
secretory process. Involvement of mitochondria has also been 
suggested for the production of slime drops in root hairs of 
Sorghum (Werker & Kislev 1978) and Luttge (1971) 
suggested that high mitochondrial numbers appeared to be 
characteristic of secretory cells. 
Results of the present study of the squamulae of Halophila 
ovalis therefore strongly support the conclusion that they are 
glandular organs. The function of mucilaginous secretions in 
aquatic plants is not clear. It has been postulated that the 
secreted mucilage inhibits the growth of micro-organisms 
favoured by wet conditions (Schilling 1894). In Halophila 
ovalis, growing in a tidal marine environment mucilage may 
serve to keep the buds moist when exposed to the drought 
conditions experienced at very low tides or even during the 
physiological drought of high salinities at high tides. 
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